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Normal-state properties of YBa2Cu3Oy in 
high magnetic fields
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underdoped overdoped

Phase diagram
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underdoped overdoped
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Drastic change of the Fermi surface size
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YBa2Cu3Oy p~0.11
Hall effect

D. LeBoeuf et al, PRB’11

Charge order detected by NMR

NMR

T. Wu et al, Nature’11

Thermopower

F. Laliberté et al, Nature Comm’11
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Conclusion

• Charge order in competition with superconductivity

• Sound velocity is at the moment the only 
thermodynamic probe available to study in high field 
the charge order observed in underdoped cuprates

• Bi-axial charge order detected by sound velocity
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Doping dependence of Hall coefficients in YBCO
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Irreversibility field: YBa2Cu3Oy 
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YBa2Cu3Oy (Y-123)

• y=6.51: Tc = 57.5 K

• y=6.54: Tc= 60 K

p ~ 0.1
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The overdoped case: Tl2Ba2CuO6+

• F=18100  50 T

Hussey et al, Nature’03

AMRO

kF=7.35   0.1 nm-1
kAF
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Onsager relation : 

 Carrier density: n=1.3 carrier /Cu atom (n=1+p with p=0.3)
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FA
n k Luttinger theorem : 

 kF=7.42  0.05 nm-1 

(65 % of the FBZ)

2
Fk kA 

All the numbers are in excellent agreement with 
- in-field probes: AMRO, Hall effect
- zero field probes: ARPES, thermodynamic …

Platé et al, 
PRB’05

ARPES

2
el mJ/mol.K27γ For overdoped polycristalline Tl-2201: (Loram et al, Physica C’94)
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 2 hole pockets

 FSdH=990 T

nh=0.138 hole/Cu atom

1 electron pocket

ne=0.038 electron/Cu atom

FSdH=530 T

n=nh-ne=p=0.1

e>>h at low T

AF / d-DW order
 (, ) ordering  wavevector

S. Chakravarty and H.Y. Kee, PNAS’08

FS reconstruction scenario

e.g. electron doped HTSC
N.P.  Armitage et al, PRL’02

T. Helm, M Kartsovnik et al, arXiv: 0906.1431
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